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Abstract
The timing and process leading to the opening of the continental Ebro Basin to the Mediterranean is a fundamental issue in the 
creation of the present-day drainage network of NE Iberia, yet there is no general consensus. The opening has been dated by different 
authors as middle Miocene to early Pliocene whilst river piracy or lake overspilling have been invoked as the geomorphic processes. 
Using a multiple approach to constrain the time and plausible process leading to this event, that include estimates of the age and 
volume of the correlative marine sediments, paleoaltitudinal reconstructions, estimates of the maximum lake level in the interior 
Ebro basin and rates of fluvial incision in basement rocks; it is concluded that the Ebro basin was tapped by a steep, mountain river 
on the E flank of the Catalan Coastal Ranges in pre-Messinian times, probably in the middle-late Tortonian. 
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1. Introduction
A striking feature of the drainage network of the Iberian 
peninsula is that whereas, other than some small coastal 
streams which flow to the north and south coasts, the 
main drainage is to the Atlantic; the only exception is the 
Ebro river which flows to the Mediterranean and whose 
drainage basin cuts deeply into the main watershed that 
separates the Atlantic flowing from the Mediterranean 
flowing rivers of the Iberian   Peninsula (Figure 1). This 
anomaly is one which has occurred relatively recently in 
geologic history as in earlier times, during the Oligocene 
and the early-middle Miocene, the main flow of water 
and flux of sediments was to the west from this part of 
Iberia (Friend, 1996).
 For a considerable time, the explanation offered by 
Riba et al. (1983) that the development of the drainage 
network of the Ebro and its debouchment into the Medi-
terranean was due to some small E or SE flowing stream 
which had cut by headward erosion the Catalan Coastal 
Ranges during the low sea-level interval of the Messin-
ian (Late Miocene), when it had increased energy/stream 
power. Evans and Arche (2002) questioned this interpre-
tation and pointed out that large volumes of siliciclastic 
sediments of an older age (Tortonian, Late Miocene) al-
ready existed seawards of the modern Ebro delta. They 
suggested that the initiation of the Ebro drainage network 
was pre-Messinian, although it had continued to develop 
during and after the Messinian salinity crisis. They also 
suggested that the change of drainage and sediment flux 
from a westwards trend to that of today may have been 
aided by a reversal of the tilt of the Ebro basin from 
W-NW to E-SE in the final episodes of the collision of 
Iberia with Europe (Friend et al., 1996).
García-Castellanos et al. (2003), using detailed recon-
structions of the geomorphology of the Ebro basin and its 
Tertiary-Quaternary history and inverse modelling tech-
niques, also came to the same conclusion that the volume 
of siliciclastic sediments of Miocene (pre-Messinian) 
age offshore of the Ebro delta demanded that the Ebro 
basin had been tapped by a E-SE flowing stream before 
the Messinian salinity crisis. Later, Babault et al. (2006), 
using rather similar techniques of geomorphological re-
construction as the latter, disagreed with both previous 
workers and claimed that the breaching of the Catalan 
Coastal Ranges and the release of the sediments of the 
Ebro basin and its flow  to the Mediterranean had oc-
curred much later.
In this short paper, the views expressed by these three 
groups of authors are reviewed and further new, unpub-
lished data by the authors  on the areal extent and thick-
ness of the Castellón Group, together with a reinterpreta-
tion of the opening process are provided which clearly 
indicate the pre-Messinian initiation of the present Ebro 
drainage system and its flux of the basin sediments to the 
Mediterranean. The quantitative aspects of the erosive 
process of the Ebro Basin after the opening to the Medi-
terranean are well expresed in García-Castellanos et al. 
(2003) and is not our goal to deal with this topic in this 
paper. 
2. The presence or absence of a Miocene incised val-
ley in the Ebro basin.
A fundamental argument of Babault et al. (2006) was: 
“If the Ebro basin was connected to the Mediterranean 
before the Messinian Salinity Crisis, then a similar can-
yon to that of the Rhône would have been incised far 
inland within the basin” (i.e. into the Ebro basin). They 
concluded as such a canyon did not exist that the Ebro 
basin was not connected to the Mediterranean before the 
Messinian Salinity Crisis. Furthermore, they claimed that 
this had not occurred until Pliocene times.
It is true that some rivers such as the Rhône excavated a 
deep canyon which reached into the hinterland during the 
Messinian Salinity Crisis; this was at least 2,000 m deep 
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Lofi and Berné, 2008). A similar situation occurred in the 
case of the Nile which is a comparable case (Said, 1981; 
Aal et al, 2001; El-Ella, 1990). However, it should be 
noted that this particular feature of the Rhône was largely 
eroded into unconsolidated older Tertiary sediments of an 
Alpine foreland basin by a river which had its drainage 
parallel to the main tectonic lineament of the area. 
However, the Ebro river cannot be compared with either 
the Rhône or with the Nile rivers because both of these 
two had well-developed fluvial networks draining exten-
sive drainage basins before the Messinian Salinity Crisis, 
probably at least since the early Miocene (Besson et al., 
2005; Maillard et al., 2006; Said, 1981) and were able to 
react to substantial sea-level drops during the Miocene to 
carve out deep incised valleys. In contrast, the Ebro River 
was non-existant before the Tortonian and probably was 
merely a juvenile, far from its equilibrium profile and 
steep mountain river for some time afterwards, lacking 
the stream power of the other big Mediterranean rivers.
Also, in contrast to the Rhône, the embryonic proto-
Ebro flows perpendicular to the tectonic grain during 
its initiation and it had to cut across the high and rising 
hard Mesozoic-Palaeozoic rock basement of the Cata-
lan Coastal Ranges, and, unlike the Rhône, which flows 
roughly parallel to the Alpine tectonic lineations of the 
area, its course was transverse to the main tectonic trend 
with no obvious control by NW-SE faults or by fold axes. 
It was a bedrock river, as defined by Whipple (2004) and 
Turowski et al. (2008).
The rates of incision of bedrock channels quoted in 
the literature range from 0.5 to 100 cm/thousand years 
(Wohl, 1999; Tinkler and Wohl, 1998)with the larger val-
ues being observed only in the Himalayan rivers, which 
are by far the most erosive today and  are characteristic 
of networks much larger than the Ebro river. Fluvial inci-
sion by bedrock rivers is driven by stream power, which 
is proportional to the product of slope and discharge and 
inversely proportional to river width (Rosenbaum and 
Anderson, 1994; Burbank et al, 1996; Carling, 2006). It is 
controlled by climate (precipitation), tectonics (active or 
not) and surface process dynamics (slope gradient crea-
tion and preservation) (Seong et al., 2008, 2009; Godard 
and Catin, 2004). River discharge is an especially im-
portant factor because it controls the potential to remove 
large volumes of sediments over long periods of time. In 
extreme cases, like in the Braldu river, Pakistan, this ef-
ficiency combined with active tectonics leads to incision 
rates of 22.9-29 mm/a. (Seong et al., 2009). However, 
the proto-Ebro could not be compared with this Hima-
layan river as its discharge was several orders smaller. 
High rates of incision have been reported from mountain 
and extended 300 kilometres inland of the present day 
river mouths and was achieved in a very short period of 
time (less than a 1Ma.) (Ryan, 1976; Clauzon, 1978; Lofi 
et al., 2003; Mocochain et al, 2006; Loget et al, 2006; 
Fig. 1. A. The drainage basins of the Iberian Peninsula. B. The lower 
course of the Ebro River across the Catalan Coastal Ranges.
Fig. 1.- A) Las cuencas de drenaje de la Península Ibérica. B) El curso 
inferior del río Ebro a través de las Cordilleras Costero-Catalanas.
A
B
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ranges much smaller than the Himalayas, like the Taiwan 
Central Range (Hovius et al., 2000; Lin et al., 2008), due 
to very intense typhoon precipitation and earthquake ac-
tivity, a very different geomorphic regime to the one in 
the late Miocene in the NE of Iberia, an extensional and 
dry area, and not a compressional one as Taiwan.
 Assuming a low to medium rate of incision for the pro-
to-Ebro, i.e. that most probable for a small steep Miocene 
mountain river, it would have taken between 10 to 30 Ma 
to cut a channel through a hard rock mountain chain with 
a  relief of about 1.5 kilometres or more. Thus it would 
have been difficult for the Ebro to have sufficient time to 
have cut across a mountain range and to have extended its 
course into the softer sediments of the Ebro basin in the 
time interval suggested by Babault et al. (2006) ie., from 
the Pliocene to the Quaternary (about 5 Ma.).
The lower reach of the present-day Ebro river is bor-
dered by a relief which is higher than 1,400 m on its west-
ern bank (Sierras de Beceite) and more than 1,200 m on 
its eastern bank (Sierra del Caró and Sierra del Montsant). 
Today, only the lowermost reach of the Ebro river is near 
sea level and close to a equilibrium longitudinal profile, 
indicating a long period of time with a non-equilibrium 
longitudinal profile and slow erosion through the Catalan 
Coastal Ranges that formed a marked knickpoint in the 
river for a long period. Erosion is still active in the medial 
and proximal areas of the Ebro river, as demonstrated by 
its deep gorges and narrow, entrenched reaches. 
Similarly, it is obvious that the proto-Ebro river had 
insufficient power to cut across the high relief of the 
Catalan Coastal Ranges and adjacent coastal margin in 
the short interval of Tortonian –Early Messinian times 
(less than 1 Ma.) because of its likely small discharge and 
hence small erosive power, so the comparison with the 
Miocene-Pliocene story of the Rhône valley is not valid 
because the latter had a much larger catchment and dis-
charge. Clearly, the Ebro could not have cut the indurated 
basement to its present position in the short available 
time from the Pliocene to the Quaternary as suggested by 
Babault et al. (2006). However, on the other hand as there 
is an almost total absence of detailed seismic profiles in 
the geologic literature that extends to the base of the Cas-
tellón Group, the existence of older incised valleys at this 
surface cannot be completely overruled. (see the review 
by Clavell and Berasategui, 1991).
The pre-Messinian sedimentary record offshore of the 
present day Ebro delta (the Castellón Group) is shown 
with some detail in Maillard et al. (2006) and shows from 
base to top a clear major regressive trend in response to 
a sea-level fall that started during the Tortonian, punctu-
ated by some minor events which produced internal ero-
sive surfaces; however, there are no submarine canyons 
associated with the Castellón Group. 
Hence, the absence of a late Miocene deeply incised 
valley extending into the Ebro basin from the mouth of 
the present-day river as found in the valley of the Rhône 
is not a valid reason for denying  connection of the former 
to the Mediterranean in Tortonian-Early Messinian times 
or during the Messinian Salinity Crisis, as  the erosion 
of the indurated core of the Catalan Coastal Ranges by a 
river i.e. the ancestral Ebro river, flowing across the tec-
tonic grain , which was only a small mountain river with 
both low initial runoff and low stream power would have 
been several orders of magnitude smaller than the Rhône 
fluvial system at that time. 
The only deep incised valley or canyon on the Ebro oc-
curs in the present-day lower valley, which is entrenched 
into the core of the Catalan Coastal Ranges and into the 
continental lacustrine sediments of the eastern Ebro ba-
sin. The absence of significant lateral hillslope landslid-
ing in the Ebro valley during its geological evolution 
precludes any rapid river downcutting period as such in 
the present day Himalayan rivers (Burbank et al., 1996; 
Seong et al., 2009) or to the syn-Messinian Salinity Crisis 
downcutting of the Rhône river paleocanyon (Lofi et al., 
2005, Loget et al., 2006), needed to create the present day 
topography of the Ebro lower reaches in the short time 
since the Pliocene as proposed by Babault et al. (2006). 
3. The various quantification models of erosion
The latest discussion of the initiation of the present 
Ebro drainage system was that of Babault et al. (2006) 
which was based on a numerical quantification model 
of the sedimentation-erosion processes. Some of the as-
sumptions of these writers are difficult to understand, e.g.: 
why should the Ebro basin be “filled to the brim” when 
it was tapped by the regressive erosion from the Mediter-
ranean side of the Catalan Coastal Ranges? The infilling 
of the lacustrine Ebro basin and the regressive erosion of 
the ancestral Mediterranean Ebro river are independent 
processes. Also, no reasons are offered as to why one of 
their experiments (Nº 3) does not predict a deeply incised 
valley after the opening of the Ebro basin whilst the other 
three did; nor do the authors explain why the results of 
that particular experiment were discarded without any 
further explanation. In fact, a similar numerical model to 
that of Babault et al. (2006) had been previously used by 
García-Castellanos et al. (2003) to determine the date of 
the commencement of the SE flow of the Ebro river, but 
this came to a very different conclusion than that of the 
former writers. However, other than a cursory discussion 
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on the initial parameters used in both cases, no detailed 
explanation of the disagreements was offered by Babault 
et al. (2006), so the reader is left in doubt  whether the 
differences  between the two analyses lie in the methods 
of calculation (the numerical models) or in the initial data 
sets (the regional geology). Basically, the earlier study of 
García-Castellanos et al. (2003) agreed with the conclu-
sions of Evans and Arche (2002) although the latter had 
used different arguments relying entirely on the consid-
eration of the stratigraphic data. This coincidence poses 
serious doubts on the validity of the results of the numeri-
cal models of Babault et al. (2006) for the Ebro basin and 
its opening to the Mediterranean. 
4. The paleo-altitude of Catalan Coastal Ranges
A causal factor which is pertinent, indeed crucial, but 
usually overlooked in this discussion, is the paleo-alti-
tude of the Catalan Coastal Ranges during late Miocene-
Pliocene. This has to be considered, and it was overlooked 
by Babault et al. (2006). In any evaluation of the viability 
of the opposing lake overfill hypothesis as opposed to a 
Mediterranean river piracy hypothesis for the timing of 
the opening of the Ebro basin to the Mediterranean Sea. 
At the end of the Pyrenean compressive phase, in ap-
proximately late Oligocene times,  the altitude of the 
Catalan Coastal Ranges was estimated by López-Blanco 
et al. (2000) to be 700-1,100 m. The opening of the Gulf 
of Valencia along its SE margin took place during an ac-
tive extensional phase in the early-middle Miocene and 
this added at least a further 1 km uplift to the Catalan 
Coastal Ranges because of a rift footwall uplift (García-
Castellanos et al., 2003).
The NE-SW fault systems along the Barcelona, El 
Camp and Vallés-Penedés lineaments were active during 
the middle-late Miocene, with positive vertical displace-
ments of 1-2 kilometres (Roca et al., 1999). Differential 
movement between the subsiding Gulf of Valencia trough 
and its raising shoulders in The Catalan Coastal Ranges 
in this period ensured its role as a physical barrier which 
first closed the lacustrine Ebro basin and later formed a 
fundamental knickpoint on the proto-Ebro river. 
The magnitude of the unroofing of these ranges in the 
Miocene-Quaternary interval was estimated by Juez-
Larré and Andriassen (2002) to be about 2 km. As their 
present-day topography reaches 1,400-1,500 m above 
sea level, the paleo-relief before the opening of the Ebro 
basin would have been at least, the unroofed value men-
tioned above, i.e., about 500 m above its present height. 
Today, only in its lower parts, where its course is close to 
sea-level, has the Ebro River managed to cut deeply into 
the Mesozoic-Paleozoic basement. It is true that exhuma-
tion, i.e., the displacement of rocks with respect to a fixed 
surface and the rate of exhumation or rate of overbur-
den removal by tectonic processes (England and Molnar, 
1990; Molnar and England, 1990) is not equivalent to 
paleotopographic uplift, but it can be considered almost 
equivalent in areas of low to moderate erosion as is the 
case of the Catalan Coastal Ranges.
During the mid-Miocene to Quaternary interval, the 
Ranges were increasing actively and hence the relief in-
creased due to lithospheric mantle thinning and subse-
quent increased heat flow in the region adjacent to the 
area of the Gulf of Valencia rifting (Cabal and Fernandez, 
1995; Vergés and Sábat, 1999). This reinforces the hy-
pothesis of Evans and Arche (2002) of a high late Mi-
ocene paleo-altitude of the Catalan Coastal Ranges.  This 
continued uplift since mid Miocene times is demonstrat-
ed by the presence of late Pliocene (aprox. 2.5  M.a. old 
sediments) at heights of 80-110 metres above sea level in 
the locality of  Papiol, near Barcelona (IGME, 1975; Suc 
et al., 1992) and at heights of 100-120 metres above sea 
level in the locality of Casas del Rantxero (Tarragona), in 
the lower reaches of the present day Ebro river (Maldo-
nado et al., 1979).
Similar dynamic topographical processes have been 
described by Lewis et al. (2000) in the NE part of Catalo-
nia, in the eastern part of the Pyrenees which resulted in 
tectonic and erosive denudation of the basement and the 
capture by Mediterranean rivers of interior basins lead-
ing to the creation of a major late Miocene depocentre 
offshore Girona (García-Castellanos et al., 2003) but this 
topic is not addressed in this paper.
5. Sources of the siliciclastic Tortonian Castellon 
Group
Evans and Arche (2002) considered that the Tortonian 
(late Miocene) submarine siliciclastic wedge offshore of 
the Catalan coast, known in the literature as the Castel-
lón Group (Clavell, 1992; Martínez Del Olmo, 1999), 
represented the marine accumulation of sediment which 
has resulted from the breaching of the Catalan Coastal 
Ranges and the subsequent release to the adjacent Medi-
terranean of  sediments from the Ebro basin by a proto-
Ebro fluvial network  (Figure 2).
 This suggestion was dismissed by Babault et al. (2006) 
on the grounds that these authors had not presented any 
estimation of its volume. Instead, they preferred to invoke 
the previous hypothesis of Bartrina et al. (1992) that sug-
gested that these sediments came from erosion of the on-
shore Miocene graben sediments of the eastern side of the 
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mentary unit derived from local sources along the eastern 
margins of the rising Catalan Coastal Ranges as shown 
by the presence of Paleozoic pebbles originating from the 
Castellón sector; however these pebbles are absent from 
the Castellón Group.
 García-Castellanos et al. (2003) demonstrated that 
the volume of post-Messinian sediments which was de-
livered to the Mediterranean by the Ebro river is consid-
erably smaller than the estimated amount that posssibly 
could have been supplied by erosion of the Ebro basin 
and surrounding mountain ranges during the available 
time suggested by Bartrina et al (1983) and Babault et 
al (2006), thus clearly indicating that the opening and 
correlative sediment input into the Mediterranean must 
have occurred prior to the Messinian Salinity Crisis. 
This conclusion seems undeniable and with which the 
writers agree. The Castellón Sands do not show in seis-
mic profiles true clinoform delta geometries and can 
probably best interpreted as a broad, multichannel distal 
Catalan Coastal Ranges, which had been partially eroded 
by short, active mountain rivers during this period.
However, it is evident since the publication of the 
works of Dañobeitia et al.1990) and Ziegler (1988) that 
active continental slope and delta progradation had taken 
place along the Catalan coastline prior to the Messinian 
Salinity Crisis. Martínez del Olmo (1996) interpreted 
the Castellón Group as a vertically prograding siliciclas-
tic turbiditic to deltaic system in which the distal part 
is represented by the Castellón Clays and the prograd-
ing proximal part by the Castellón Sands, both of which 
lie, of course, beneath the erosive surface found at the 
base of the Messinian marine siliciclastic and evaporitic 
sediments. Also, earlier sedimentary syn-rift siliciclastic 
sequence, the Cambrils Alcanar) Group, was identified 
beneath the Castellón group by Clavell and Berasategui 
(1991), dated as Langhian/Serravallian (Early Miocene) 
in the initial Tarragona rift trough. This is overlain un-
conformably by the younger Castellón group. It is a sedi-
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Fig 2.- Esquema estratigráfico de los sedimentos Cenozoicos del Surco de Valencia (Modificado de Clavell y Berasategui, 
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fluvial plain passing longitudinally into a siliciclastic 
coastal plain- continental shelf complex when the silici-
clastic input from the Ebro basin was small and was re-
worked by the strong longshore marine currents which 
existed during the Tortonian in the Mediterranean. 
 In order to answer the criticisms of Babault et al 
(2006) as to the lack of quantification in the Evans et 
Arche (2002) paper of the volume of the Castellón 
Group and its detailed regional distribution, two updat-
ed isopachyte maps are presented here (Figures 3, 4 and 
5), one of the proximal (Castellón Sands), a second of 
the distal (Castellón Clays) facies and a third summing 
up the thickness of the whole Castellón group (proxi-
mal and distal facies). They are based on commercial 
borehole data of Clavell (1992), Clavell et al (2003) and 
Martínez del Olmo (1996). These maps clearly show 
two linked depocenters: one in front of the present-day 
Ebro River which extends to the SW towards the Valen-
cia offshore area and a second situated to the NE along 
the Girona coastline. Both are clearly delineated, but 
only the southern one concerns this article.
The depocenter of the proximal Castellón Sands is 
subdivided in two linked maxima (Figure 3), probably 
due to strong SW dispersal of sediment parallel to the 
coastline by strong longshore marine currents, such as 
occur today These sediments are interpreted as distal 
fluvial plain-coastal deposits grading laterally into a sil-
iciclastic continental shelf wedge of siliciclastic sedi-
ment that prograded towards the E-SE. The depocenter 
of the distal Castellón Clays (Figure 4) shows a similar 
geometry in a more distal position and may extend to-
wards the SW beyond Valencia and are interpreted as 
continental slope-continental rise turbidite deposits fed 
from the shallower continental shelf area to the W.  The 
minimal area covered by the deposition of the Castellón 
Group in the Ebro-Valencia area is 3,000 sq Kms and 
probably reaches 5,000 sq Kms or more if the SW area 
in front of Valencia is considered; it has a maximum 
total thickness of about 2,200 m. Unfortunately, the SW 
part of the isopachyte maps is not complete because of 
difficulties in the interpretation of the available bore-
hole logs in the distal Valencia area. These maps are 
in good agreement with the one presented by García-
Castellanos et al. (2003) for the whole of the Castellón 
Group.
The minimum estimated volume of the Castellón 
Group from the isopachyte maps is 7,000km3, possibly 
reaching 10,000 km3 if the unmapped area to the SW is 
taken into account.
This volume is clearly much too large to have been 
supplied exclusively by erosion of local sources in 
the Miocene grabens of the eastern flank of the Cata-
lan Coastal Ranges by small local mountain rivers 
as suggested by Bartrina et al. (1992) and Babault et 
al. (2006). Roca et al. (1999) and Cabrera and Calvet 
(1996) demonstrated that the main Miocene grabens in 
the Catalan Coastal Ranges (the Vallés-Penedés graben 
and the El Camp graben) were active depositional ar-
eas during the Oligocene and the Miocene (at least until 
the Messinian), accumulating more then 2,000 metres 
of shallow marine and continental sediments, without 
any trace of major internal erosional surfaces or angu-
lar unconformities and most of them still in place, i.e.: 
no erosion took place in these grabens during the late 
Miocene period of time that could have released sub-
stantial amounts of sediments from these basins to the 
marine depocenters along the catalan Mediterranean 
coastal platform (the Castellón Group), so they can be 
dismissed as potential, important sources of sediments 
in this period. Furthermore, even if the total volume of 
the infill of these Miocene basins is considered, it is less 
than the estimated volume of the Castellón Group (Mar-
tínez del Olmo, 1996). 
The only available alternative for the main source of 
sediments was the tapping of the infill of the lacustrine 
Ebro basin. This was not a catastrophic event, because 
there would have been a time-lag between the opening 
and the knickpoint created took a long time to be devel-
oped completely and to be eroded. The maximum effi-
ciency of an incision in this type of captures was prob-
ably reached long after the initial breaching took place 
(Kooi et Beaumont, 1996).
 It is of interest to note that a coeval depocenter was 
created to the NE (Lewis et al., 2000; García-Castel-
lanos et al., 2003) (Figures 3 and 4) fed by the ancestral 
Ter-Muga-Fluviá-Llobregat river networks.  These riv-
ers captured the sediments of an interior drainage ba-
sin by headward erosion of some small Mediterranean 
coastal rivers (Vergés et al, 1996). Again, a comparable 
volume of sediments to the Castellón Group occurs in 
this area, beneath the Messinian basal unconformity, 
i.e., it was deposited before the initiation of the Messin-
ian Salinity Crisis.
In addition, the volume calculated for the SW depo-
center in the Ebro-Valencia area would almost certainly 
be increased if the pre-Messinian erosion of its top-
most part had been taken into account. However, even a 
rough estimate of the volume of this missing sedimen-
tary record at the top of the Castellón Group cannot be 
made, in spite of the recent works by Frei-Martínez et 
al. (2004) and Bertoni and Cartwright (2005) which re-
constructed the basal Messinian Unconformity in detail.
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6. River piracy vs. lake overspill
There are suggestions in the papers of Riba et al. (1983), 
Serrat (1992) and García-Castellanos et al. (2003) that 
possibly both lake overfilling at the Ebro basin as well 
as river capture led to the ultimate flux of sediment to 
the Mediterranean. The mechanism of the opening of the 
Miocene lacustrine Ebro basin to the Mediterranean has 
been discussed over many years since the seminal obser-
vation of Riba et al. (1983), who stated: “At the end of 
the Miocene…it is possible that the waters of the (Ebro) 
depression started to flow towards the sea because of the 
cessation of the evaporite sedimentation”, and added: 
“The lower Ebro, no doubt, captured the drainage net-
work of the middle Ebro interior basin”. They related this 
event to the drop of sea-level associated to the Messinian 
Salinity Crisis (about 7 Ma.). This river piracy hypothesis 
was widely accepted in later literature (see a complete 
discussion in Evans and Arche, 2002 and García-Castel-
lanos et al., 2003).
A slightly different mechanism, albeit which had oc-
curred at a slightly different time, was proposed by Evans 
and Arche (2002): i.e. piracy by a small Mediterranean-
flowing stream. However, they suggested that this was 
reinforced by the effects of a regional tilting to the E-SE 
of NE Iberia during the Tortonian (roughly between 12 
Ma. and 8 Ma.). The authors compared this tilting to that 
which had occurred between the deposition of the Lower 
and the Upper Alpine Molasse of the foreland basin in 
Switzerland (Homewood et al., 1986). Also, perhaps the 
southward shift of the late Eocene-Oligocene Ebro basin 
depocenter shown by Allen and Mange (1982) indicates 
the early stage of such tilting. 
Fig. 3.  Isopachyte  map of the Castellón Sands. They are interpreted as proximal coastal and shelf sediments prograding 
to the East. The SW depocenter is the only one related to this paper.
Fig. 3.- Mapa de isópacas de las Arenas de Castellón. Se interpretan como sedimentos costeros y de plataforma marina 
proximal programando hacia el Este. Este artículo sólo se ocupa del depocentro SW.
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A combined mechanism for the opening of the Ebro ba-
sin during the Tortonian was invoked by García-Castel-
lanos et al. (2003). They suggested lake capture caused by 
one of the newly initiated Mediterranean-flowing streams 
together with coeval overfilling of the lacustrine Ebro ba-
sin during a short period of wetter climate in the late Neo-
gene, before the Messinian Salinity Crisis. The lake level 
was then around 1,050 m above sea level. These authors 
placed the age of the tapping of the lake sediments by 
a small Mediterranean-flowing stream between 13 M.a. 
and 8.5 Ma. for geological considerations. Their numeri-
cal modelling indicated that the initiation of the flow to-
wards the Mediterranean was at about 11.5 Ma. 
In contrast, Babault et al. (2006) suggested river cap-
ture of an Ebro basin which was “filled to the brim” in 
Pliocene times. However, a lacustrine basin filled to this 
level would have been extremely unstable: either it would 
have led to catastrophic flooding or it would have receded 
to lower levels depending on the water influx and evapo-
transpiration equilibrium. A prolonged period of time of 
stable total infilling of the lacustrine basin without over-
spilling or retreat is very improbable.
A key factor in comparing the viability of lake-over-
flowing versus tapping by small Mediterranean-flowing 
stream hypothesis is the absolute lake level when com-
pared to with the estimated paleo-topography of the Cata-
lan Coastal Ranges at that time, as well as climatic con-
siderations. Lacustrine evaporite deposition ended in the 
Ebro basin (and in the coeval Tagus basin) at about 15.5 
M.a. (Mid Aragonian stage=basal Serravallian stage) 
(Calvo et al., 1993) due basically to increased precipita-
tion that diluted the brines in the closed lacustrine basins 
during the early late Miocene. This transition is a con-
sequence of a global-cooling climatic event marked by 
Fig. 4. Isopachyte map of the Castellón Clays. They are interpreted as distal continental slope – continental rise turbi-
dite deposits . The SW depocenter is the only one related to this paper.
Fig. 4.- Mapa de isópacas de las Arcillas de Castellón. Se interpretan como sedimentos de talud continental y turbiditas 
de borde precontinental. Este artículo sólo se ocupa del depocentro SW.
82 Arche et al. /  Journal of Iberian Geology 36 (1) 2010: 73-85
a major isotope shift, increase in Antractica ice volume, 
temperature cooling and increased precipitation (Hilgen 
et al. 2009). Sea-level started to fall about the same time, 
culminating in a major sea-level drop at about 10.5 M.a., 
when the Mediterranean was still fully connected to the 
Atlantic (Lourens et al., 2005). A fall of sea-level  caused 
an increase of stream power in the small, steep mountain 
rivers on the eastern flank of the Catalan Coastal Ranges 
and the water-level in the lacustrine Ebro basin also in-
creased; a process that, presumably, increased the amount 
of subterranean flux of water through karstic conduits to 
the same rivers. 
The youngest lacustrine sedimentary unit, the Alcu-
bierre Fm, preserved in the Ebro basin crops out in the 
Sierra de Alcubierre, 50 km east of Zaragoza, in the lo-
cality of San Caprasio, at an altitude of 820 m above sea-
level (Pérez-Rivares et al., 2002). It has been dated as late 
Aragonian=lower Tortonian (about 13 Ma.) by means of 
biostratigraphic and magnetostratigraphic data; however, 
the top of the unit has been eroded. This unit lies on an 
erosive basal surface cut into the underlying Sariñena Fm, 
of middle Miocene age. The presence of such a regional 
erosive unconformity and other similar, older ones, in 
the Miocene sedimentary record of the Ebro basin were 
interpreted as marking periods of tectonic unstability by 
Calvo et al. (1993), Pérez-Rivares et al.(2002) and Do-
mingo et al. (2007) among others.
The rate of deposition of the Alcubierre Fm can be 
calculated from the preserved record to have been ap-
proximately 6-8 cm per thousand years. Using the data of 
García-Castellanos et al. (2003), which assumed an alti-
tude of about 1,050 m for the top of the lacustrine sedi-
ments just before the opening of the Ebro basin, as well 
as taking into account the fact that the base of the Messin-
ian has been dated as 7.5 Ma (Gradstein et al, 2005), and 
furthermore that the opening occurred before that time, 
the 1,050 m level was reached at approximately 9-8,5 
Ma, i.e. at the top of the Tortonian stage.
As has been argued previously (Evans and Arche, 2002 
and this paper), the paleo-altitude of the Catalan Coastal 
Fig. 5.- Isopachyte map of the whole of the Castellón Group.
Fig. 5.- Mapa de isópacas del conjunto del Grupo Castellón.
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Ranges was probably in excess of 1,500 m at that time; 
therefore it would have been impossible for the lake wa-
ters to have overflowed the mountainous barrier. Only 
the breaching of this range and the subsequent tapping 
of the basin by a small, steep Mediterranean river in late 
Tortonian times remain as a reasonable hypothesis for 
the opening, at a slightly later age than that proposed by 
García-Castellanos et al. (2003), but much earlier than 
that proposed by Babault et al. (2006).
As to the argument of Babault et al. (2006) that the 
Messinian drainage systems fed sediments to the Medi-
terranean in the Gulf of Lion without any change in their 
drainage basins is no argument against the initiation of 
the Ebro system as a “specific sedimentary event”. The 
situations were quite different. The rivers such as the 
Rhône and the Nile were not bordered landwards by an 
elevated closed basin containing a huge volume of sedi-
ment which could not be released until tapped by head-
ward erosion. In the case of the Ebro, similar streams as 
those flowing to the Gulf of Lion supplied sediment to the 
Catalan coastal margin (Clavell and Berasategui, 1991). 
However, it was the presence of a land-locked, massive 
accumulation of sediment which could not be released 
until a connection with the Mediterranean had been made 
which made the initiation of the Mediterranean-flowing 
Ebro river such an important “specific event”.   
Other additional factors, which do not appear to have 
been considered before should be  made on the develop-
ment of the Mediterranean flowing drainage system. The 
development of groundwater and karst networks are in 
some cases   very active agents in landscape evolution 
and an important component of river discharge, although 
this is usually underestimated (Nash, 1997). These proc-
esses were very important in the Rhône fluvial system 
during the Messinian Salinity Crisis (Mocochain et al., 
2006). As mentioned previously, the progressive climatic 
cooling and increased precipitations since the Serraval-
lian (early late Miocene) presumably also increased the 
volume of subterranean water diverted into the mountain 
rivers of the eastern side of the Catalan Coastal Ranges 
via the karstic systems of the calcareous Mesozoic cover 
of these ranges.
As the Mesozoic cover of the Catalan Coastal Ranges 
consists essentially of Jurassic and Cretaceous carbon-
ates, a perched lacustrine water body in the Ebro basin 
may have fed a well-developed karstic system in these 
rocks and thus would have increased the discharge of the 
mountain rivers flowing to the Mediterranean and, there-
fore, also increased their stream power. The headward 
erosion would have created an amphitheatre-headed val-
ley which retreated actively, across the mountain chain.
As the deposits of the Alcubierre Fm are not horizontal, 
but have dips of 2-3 degrees in broad folded structures 
(Costa et al., 1998), the suggested syn-sedimentary tilt 
of the basin to the E-SE would again have increased the 
flow of water seawards i.e. to the East. 
In summary, the most probable mechanism for the 
opening of the Ebro basin to the Mediterranean was the 
breaching of the Catalan Coastal Ranges and the tapping 
of the Ebro basin sediments by a small mountain river 
on the SE side of the Range at approximately 9-8,5 Ma; 
this together with a contribution of the subsurface flow of 
subterranean waters at its head was probably enhanced 
by a regional tilt of NE Iberia to the east-southeast. The 
mere overspilling of a lake is not considered a plausible 
hypothesis for this important event.
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